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(54) Receiver for receiving signals with different frequency bandwidths in different frequency 
bands 



(57) The invention relates to a receiver for receiving 
signals with different frequency bandwidths in different 
frequency bands. The receiver exhibits a local oscillator 
(11) to downconvert the received signals to the base 
band. By using quadrature technique, the in-phase and 
quadrature signals are available at the baseband out- 



put. The base band filters after the quadrature circuit are 
controllable, so that different receiver bandwidths can 
be chosen by altering the cut-off frequency. These base 
band are low pass filters being realised either by using 
passive elements or by using an active filter implemen- 
tation, or by using digital filters. 
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Description 

Prior art 

[0001] The invention relates to a receiver for receiving 
signals with different frequency bandwidths in different 
frequency bands, in accordance with the generic class 
of the independent claim, 

[0002] It is already known to use conventional heter- 
odyne receiver architecture for a multi mode receiver ex- 
hibiting a switch for switching between different sets of 
filters for the intermediate frequency, for example for 
switching between filters for UMTS (Universal Mobile 
Telecommunication System) and GSM (Global System 
for Mobile Communication) input signals. After a down- 
conversion the heterodyne receiver for reception of 
complex modulation typically exhibits a channel where 
the received signals are multiplied with an in-phase sig- 
nal of the local oscillator and a quadrature channel 
where the received signal is multiplied with the signal of 
the local oscillator shifted by 90°. After filtering these 
products by base band filters, the filtered signals are 
sampled whereafter the digitised signals can be com- 
bined, so that the complete signal is recovered. 

Advantages of the invention 

[0003] The receiver for receiving signals with different 
frequency bandwidths in different frequency bands hav- 
ing the characterising features of the independent 
claims has the advantage to be realised with less com- 
ponents. Therefore this receiver is smaller and less 
complex to design and consequently cheaper. 
[0004] It is an advantage, that for selecting the differ- 
ent modes for reception the filtering at base band is per- 
formed by controllable base band filters. In this way, a 
high degree of flexibility is achieved. Furthermore, due 
to the use of a controllable filter less components are 
needed, because not for every frequency band a new 
complete base band filter is needed. 
[0005] The features of the dependent patent claims 
enables further improvements of the invention. 
[0006] The invention is improved by using digital fil- 
ters as base band filters. Thus the base band filters are 
easily reconfigurable, so that by reprogramming the 
processor on which the digital filter is implemented, the 
characteristics of the base band filter are changed, for 
example the cut-off frequency. In addition, digital filters 
enable nearly every filter characteristic. 
[0007] It is an advantage to use passive elements for 
designing the base band filter. Since passive elements 
are easily and cheaply to design and fabricate, it is the 
simplest way to realise a base band filter. 
[0008] Alternatively, it is an advantage to use active 
filters as the base band filters. Active filters show excel- 
lent filter characteristics. By using active filters inductors 
are avoided, because using active filters inductors can 
be replaced by a circuit consisting of, for example, ca- 



pacitors, resistors and operational amplifiers. 
[0009] Combining an active filter with an amplifier in 
a feedback loop has the advantage to control the filter 
characteristics by changing the gain in the amplifier, 
5 which is used as the feedback network. Using active fil- 
ters enables the fabrication of the base band filters with 
standard integrated circuit technology, because every 
component can then be realised by using integrated cir- 
cuits. 

10 [0010] Moreover, it is an advantage that the receiver 
automatically selects the frequency bandwidth and fre- 
quency band for the actual mode that is used for trans- 
mission. 

[0011] It is possible for the user to select the signal, 
15 e. g. GSM or UMTS. Since the user should know which 
mode he wants to use, he can simply switch to this mode 
by using the interface of his mobile phone. Alternatively, 
necessary filter characteristics for the reception mode 
are automatically set. 

20 

Drawings 

[0012] Exemplary embodiments of the invention are 
shown in the figures, and elucidated in detail in the de- 

25 scription below. Figure 1 shows a direct conversion re- 
ceiver for receiving GSM and UMTS-Signals, figure 2 
shows a controllable low pass filter with passive com- 
ponents, figure 3 shows a controllable LC-filter, figure 4 
shows a controllable active filter, and figure 5 shows ac- 

30 tive filters connected together in a feedback loop. 

Description 

[0013] Today in many countries, competing standards 

35 for mobile communications are co-existing. Therefore, 
users of mobile communications need a device capable 
of supporting more than one mode because of a neces- 
sary flexibility. In a few years, the GSM standard and the 
new upcoming UMTS standard will coexist 

40 [0014] In Fig. 1, a direct conversion receiver for re- 
ceiving GSM and UMTS signals is shown. Direct con- 
version means that the signals are directly downcon- 
verted from the frequency of the received radio frequen- 
cy signal to the base band. 

45 [0015] The UMTS signal is applied to an input 1 . The 
UMTS-signal is then filtered by a band pass filter 4 de- 
signed for the frequency band of the UMTS-signal and 
subsequently amplified by an amplifier 5. 
[0016] GSM signals are entering via an input 2. GSM- 

50 signals are then filtered by a band pass filter 3, and sub- 
sequently amplified by an amplifier 6. By using the 
switch 7 either the UMTS signal or the GSM signal is 
selected for further processing in the following compo- 
nents. The switch 7 is a set of transistors which are con- 

55 figured in a conventional way, known for using transis- 
tors as a switch. Other possibilities are to use a set of 
diodes or combined high pass and low pass filters. 
[0017] GSM is a widely used standard for digital wire- 
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less, cellular communications, especially for mobile 
phones. UMTS is the following standard which will come 
into use in a few years. The UMTS standard improves 
and expands the functionality of today's standard like 
GSM. Higher data transmission rate, better voice qual- 
ity, better spectrum efficiency and multimedia service 
capability are examples for those improvements. 
[0018] The signal travelling over the switch 7, goes 
simultaneously in directions of two signal paths to sub- 
sequent components. Two signal paths are needed to 
implement the well-known quadrature technique to de- 
modulate the received signal and output the base band 
in-phase and quadrature signals, in one path the re- 
ceived signal is multiplied with the signal coming directly 
from the local oscillator 1 1 whereas in the other path the 
received signal is multiplied with a 90° phase shifted sig- 
nal from the local oscillator 11 . 

[0019] The mixers 8 and 10 are both used to down- 
convert the signal to the base band. A mixer is used to 
multiply two signals. In integrated circuits the mixer is 
usually realised as a transistor mixer. The base band is 
the frequency band where the signals originally occur. 
The low frequency baseband bandwidth for GSM is ap- 
proximately 100 kHz and for UMTS 2.5 MHz. 
[0020] The received signal is mixed with a signal, 
'coming from the local oscillator 11. The signal for the 
mixer 10 is phase shifted by a phase shifter 9 by 90°. 
The phase shifter 9 is placed between the local oscillator 

11 and the mixer 10. A phase shifter is, for example, a 
frequency doubler combined with two flip-flops. The fre- 
quency doubler, e. g. a transistor coupling, doubles the 
frequency of the incoming signal, whereas the flip-flops 
halves the frequency again by reacting only on changes 
of the signal amplitude from zero to maximum or vice 
versa. Additionally, one flip-flop exhibits an inverted in- 
put to form the 90° shifted signal, whereas the other flip- 
flop produces the non-shifted signal. Thus, at the out- 
puts of the flip-flops, the orig inal signal and the 90° shift- 
ed signal are available. 

[0021] The downconverted received signal in the two 
paths is then filtered by controllable low pass filters 12 
and 13. A low pass filter is a filter strongly attenuating 
the signal components at frequencies higher than the 
cut-off frequency of the low pass filter. 
[0022] The cut-off frequency is the frequency marking 
the point, where the response of the filter drops off by 3 
dB. This means, that the output voltage is lowered by 
72/2 compared to the output voltage at the wanted fre- 
quencies. 

[0023] Ideally, only signal components at frequencies 
lower than the cut-off frequency are available at the out- 
put of the low pass filter. 

[0024] The low pass filter 1 2 filters the signal coming 
from the mixer 8. The low pass fitter 1 3, however, filters 
the signals coming from the mixer 1 0. The low pass filter 

1 2 is controlled by an input 1 4. The low pass filter 13 is 
controlled by an input 1 5. By using the inputs 1 4 and 1 5 
the cut-off frequency of the low pass filters 12 and 13 



can be altered. The inputs 14 and 15 are automatically 
set by the mobile phone when the user chooses either 
GSM signals or UMTS signals for reception. For GSM 
a cut-off frequency of 1 00 kHz is used and for UMTS a 

5 cut-off frequency of 2.5 MHz is used. 

[0025] At an output 1 6 of the low pass filter 1 3 and an 
output 17 of the low pass filter 12, the two parts of the 
received signals are available for further processing. By 
processing and combining the signals at the outputs 1 6 

10 and 1 7, it is possible to re-construct the downconverted 
signal in the base band. 

[0026] In Fig. 2, a controllable low pass filter consist- 
ing of passive components is shown. 
[0027] An input 26 for the received signal is connected 

15 to a resistor 1 8. The resistor 1 8 is on the other side then 
connected to two capacitors 19 and 20 and an output 
27 of the base band filter. The capacitor 20 is on the 
other side connected via a switch 21 to mass. The ca- 
pacitor 19 is on the other side directly connected to 

20 mass. 

[0028] This architecture consisting of a resistor and a 
capacitor is known as a classical low pass filter, both 
elements being connected in series. The output voltage 
is taken over the capacitor, whereas the input voltage is 
25 applied to the resistor and the capacitor. In principle, it 
is a voltage divider. 

[0029] The switch 21 is a transistor switch but other 
implementations are possible as mentioned above. If 
this switch is in on state, it will lead to the addition of the 

30 capacitance of the capacitor 20 to the capacitance of 
the capacitor 1 9, since if capacitors are connected in 
parallel, the capacitance of each capacitor is added, so 
that the sum of all capacitances of each capacitors is 
the resulting capacitance. Therefore by switching on 

35 switch 21 , the capacitance is increased by the capaci- 
tance of the capacitor 20. In this way, the cut-off frequen- 
cy is decreased, since the equation for the cut-off fre- 
quency of a base band filter consisting of a resistor and 
a capacitor is 

40 

/ cut-off "2.71- fl-C 

where R is the resistance of the resistor and C is the 
45 capacitance of the capacitor or the sum of the capaci- 
tances of all capacitors in the low pass filter being in 
parallel. 

[0030] In Fig. 3, a typical LC-filter is shown. An LC- 
filter consists of an inductor and a capacitor connected 
50 in series, the output voltage being taken overthe capac- 
itor. This LC-filter exhibits the property of increasingly 
attenuating signal components at frequencies having an 
increasing difference with the resonance frequency 

/ - - 
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where L is the inductance of the inductor and C the ca- 
pacitance of the capacitor. 

[0031] An incoming signal enters the LC-filter via the 
input 28. The input 28 is connected an inductor 22. The 
inductor 22 is connected to a capacitor 23, another ca- 
pacitor 24 and an output 29. The capacitor 23 is directly 
connected to mass. The capacitor 24 is connected to a 
switch 25 which is connected to mass. 
[0032] By switching on the switch 25 to capacitance 
of the capacitor 24 is added to the capacitance of the 
capacitor 23. That means, the cut-off frequency of the 
filter is thereby lowered. This circuit has the advantage 
of a very steep filter curve. 

[0033] In Fig. 4, an active filter setup is shown for the 
low pass fitter. 

[0034] An active fitter exhibits an active element such 
as a transistor or an operational amplifier apart from 
passive elements, in addition, an active filter can show 
a gain in its passband, so it amplifies the signal. An ac- 
tive fitter design has the advantage that inductors can 
be avoided, but nevertheless a very steep fall off outside 
the used frequency band is achieved by cascaded filter, 
which is not possible by a conventional low pass fitter 
consisting of a resistor and a capacitor. In addition, this 
circuit in Fig. 4 can be easily realised by a integrated 
circuit design. The switches 39 and 40 are again con- 
ventional transistor switches. 

[0035] An input 30 for a signal is connected to a re- 
sistor 32. An input 31 is connected to a resistor 33. The 
resistor 32 is on the other side connected to the positive 
input of an operational amplifier 34, to a resistor 35, the 
capacitor 36 and to a switch 39. The resistor 33 is on 
the other side connected to a negative input of the op- 
erational amplifier 34, to a resistor 38, to the capacitor 
41 and to the switch 40. 

[0036] The switch 39 is on its other side connected to 
a capacitor 37. The capacitor 37 is on its other side con- 
nected to the capacitor 36, to resistor 35, to the negative 
output of the operational amplifier and the output 43 of 
the active filter. 

[0037] The switch 40 is on its other side connected to 
the capacitor 42. The capacitor 42 is on its other side 
connected to the capacitor 41 , to the resistor 38, the 
positive output of the operational amplifier 34 and the 
output of the filter 44. 

[0038] An incoming signal, entering the active filter 
over the inputs 30 and 31 , experiences the voltage di- 
vider of the resistor 32 and the parallel circuit of the re- 
sistor 35, the capacitor 36 and the capacitor 37, if the 
switch 39 is on. This voltage divider, which is mirrored 
for the other input with the same corresponding ele- 
ments acts as a low pass filter. By switching on the 
switches of 39 and 40, the capacitance is again in- 
creased, so that the cut-off frequency of this low pass 
filter is decreased. Then, the low cut-off frequency for 
GSM is set, whereas, if the switches 39 and 40 are 
switched off, the high cut-off frequency for UMTS is set. 
[0039] In Fig. 5, a feedback design using active filters 



for realising a low pass filter is shown. An incoming sig- 
nal enters this filter via an input 45 and an input 46. The 
signal experiences an active filter 67 being a tow pass 
filter having an amplifier design 68 as a feedback. 

5 [0040] The input 45 is connected to a resistor 47 and 
the input 46 is connected to a resistor 48. The resistor 
47 is on its other side connected to a positive input of 
an operational amplifier 51 , to a resistor 50, to a capac- 
itor 49 and to a resistor 56. The resistor 48 is on its other 

10 side connected to a negative input of the operational 
amplifier 51 , to a resistor 54, to a capacitor 55 and to a 
resistor 57. 

[0041 ] The capacitor 49 is on its other side connected 
to the resistor 50, to an output 52, to a negative output 

15 of the operational amplifier 51 and to a resistor 66. The 
capacitor 55 is on its other side connected to the resistor 
54, to a positive output of the operational amplifier 51 , 
to a resistor 65 and to an output 53. 
[0042] The resistor 56 is on its other side connected 

20 to a resistor 58, to a resistor 59 and to negative output 
an operational amplifier 61 .The resistor 57 is on its other 
side connected to a positive output of the operational 
amplifier 61 , to a resistor 62 and to a resistor 63. 
[0043] The resistor 66 is on its other side connected 

25 to a negative input of the operational amplifier 61 , to the 
resistor 62 and to a switch 64. The switch 64 is connect- 
ed to the resistor 63. 

[0044] The resistor 65 is on its other side connected 
to a positive input of the operational amplifier 61 , to the 

30 resistor 59 and to a switch 60. The switch 60 is on its 
other side connected to the resistor 58. 
[0045] The active filter 67 is a low pass filter whereas 
the circuit 68 around the operational amplifier 61 is an 
amplifier, the gain depending on whether the switches 

35 60 and 64 are in on or off state, since the gain of an 
operational amplifier design depends on the ratios of re- 
sistances in the feedback loop of the operational ampli- 
fier and the resistors 65 and 66. 
[0046] Furthermore, the state of the switches deter- 

40 mines the cut-off frequency of the low pass design 67, 
since it changes the resistance affecting the cut-off fre- 
quency. 

[0047] The switches are again transistor switches, so 
that the whole design presented in Fig. 5 is realised by 

45 integrated circuit technology. 

[0048] The values of the resistors and capacitors are 
designed, so that the cut-off frequencies for UMTS, ap- 
proximately 2.5 MHz, and for GSM, approximately 100 
kHz, can be realised. 

so [0049] Apart from designing operational amplifiers 
with symmetrical circuit elements in two feedback loops, 
that means that there are circuit elements between the 
inputs and outputs of an operational amplifier which do 
not belong to the operational amplifier itself, operational 

55 amplifiers can be designed with the circuit elements in 
only one feedback loop, for example, between the neg- 
ative input of the operational amplifier and the output of 
the operational amplifier whereas the positive input of 
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the operational amplifier is connected to mass. This 
gives then an inverted output voltage. 
[0050] The advantage to have the circuit elements 
mirrored in two feedback loops, so that neither input or 
output is connected to mass leads to an independence 
from mass and to an easier circuit design because in 
integrated circuit technology it is easy to fabricate iden- 
tical circuit elements. 

[0051] Another alternative to realise the low pass fil- 
ter, is to use digital filters. Digital filters are realised on 
digital processors, e. g. a digital signal processor which 
is designed to provide high speed processing, especial- 
ly by performing a multiplication and accumulation in 
one step. Besides this, the digital processor can be eas- 
ily rep rog rammed. 

[0052] Thus, the low pass filter 1 2 and 1 3 in Fig. 1 are 
implemented in the digital signal processors on which 
the software programs being the digital filters are run- 
ning. 

[0053] The digital filter being a software program run- 
ning on a digital signal processor consists of elements 
that delay the incoming signals, of elements for multi- 
plying the signals with predefined factors and of ele- 
ments for adding the differently multiplied and delayed 
signals in the digital filter. By combining these elements, 
the desired filter characteristic is achieved. Thus, a dig- 
ital filter works in the time domain. These elements are 
realised in the software program by performing the nec- 
essary functions: storing the signal for a time corre- 
sponding to a delay unit, multiplying the signal with a 
predefined factor and adding differently delayed parts 
of the signal. 

[0054] Widely known software packages enable the 
design of digital filters by specifying the desired filter 
characteristic. By programming the digital signal proc- 
essors it is possible to alter the filter characteristics of 
the digital filter. In this way it is very easy to adapt to 
further characteristics to an incoming signal. 
[0055] The receiver after the invention exhibits the 
ability to automatically select the frequency bandwidth 
and cut-off frequency for actual transmission mode, 
GSM or UMTS. The receiver detects what mode a trans- 
mitter is using by processing received signals. A signal- 
ling is used, so that the communicating radio stations 
know what mode is used, so that the radio station can 
adjust their filters. 



fe rent frequency bandwidths in the base band. 

2. Receiver after claim 1 wherein the said base band 
filters (12, 13) are digital filters. 

5 

3. Receiver after claim 1 wherein the said base band 
filters (12, 13) are filters consisting of passive ele- 
ments. 

10 4. Receiver after claim 1 wherein the said base band 
filters (12, 13) are active filters. 

5. Receiver after claim 4 wherein the said base band 
filters (12, 13) are active filters with a feedback cir- 

15 cuit. 

6. Receiver after claim 5 wherein the feedback circuit 
is an amplifier design. 

20 7. Receiver after claim 2, 3 or 5 wherein the receiver 
automatically selects the frequency bandwidth and 
cut-off frequency. 

8. Receiver after claim 2, 3 or 5 wherein the user se- 
25 Jects the signal, GSM or UMTS, for reception. 

9. Receiver after claim 8 wherein the cut-off frequency 
of the base band filters (12, 13) is set by the receiver 
depending on the selected signal by the user. 

30 



40 



45 



35 



Claims 

50 

1. Receiver for receiving signals with different fre- 
quency bandwidths in different frequency bands, 
the said receiver exhibiting a local oscillator (11) 
and using the said local oscillator (11) to downcon- 
vert the said signals in said different frequency 55 
bands to the base band characterised in that the 
receiver comprises controllable base band filters 
(1 2, 1 3) in order to select said signals with said dif- 
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